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B o ME S pR VLR 5N T R LA B ME A
BN R A A48 =/ B S (TR HE Pt vRb)
K P (BRHE At L)

T2 . Ak (30~60 C)  Z A LE
B 14% = S AL EE R RR , ¥ ok ki, 1 254
AL 300 A RN ) 5 1E Cobe 3B e 4k
i Al [ 24 4 A AL A a0 A R F L
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Sy P RATI ] BT, 38 [ ) A E] 5 S-IMS RS,
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1.3.3  HALPERTAM E  HAR T & I . AR
CE SR A9 5E Y (GB 5009.6-2016) & [ A 2
A 5 B i 1R 2H B A . AR R R R I R 1Y
MEY(GB 5009.168-2016) 45— 146 I i 17 i 4
BB AR X i A SR A e IR (B A A
LR B9 5E Y (GB 5009.124-2016 ) K 17 Fi 42 4k
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1.3.4 GC-TOF-MS 43t #ERH PRI 2.00 g minHE
AR T 20 mL TSR A, fiMA 50 pl. 0.408
mg/mL 3— B/ F BV W (bR ), s B = A
TR B Sk 2 3 T2 O ) AR )23 47 AL R, 60 “C T
23 ZE I 30 min Ji , A A GC-MS HEFE F AT 3
min, GC % :MXT-WAX {4 (30 mx0.250
mmx0.25 pm) , #EFE TR 250 C, &AW AR,
TN 1 mU/min, NSRS . FHRFLT - 9146
IR 40 °C, 44+ 5 min, L 10 °C/min HY#E T+ 2 230
C,H+F 6 min, Bz 17HF[E] 28 min, MS 254 . E1 &
TR, BT IR FE 230 °C, BB fER 70 eV,

P I M B 5 R 2 4 A ) NIST 1410
JOT T B PR A L A AT DR RO AG %, S5 A IR AR
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HY, — Bk I IE A SR OAV R T 8L
T, WX EAERTTER, HITE AR 5 H
OAV {HILIE I,
1.3.5 GC-IMS 40t MR 1.50 g o mE R K
R T 20 mL T 2S04, 80 CI¥E 30 min J& ,
FH B AE B Sk T 2s JF AR B S B T E B S Y
FlavourSpec®# 17143 # . GC 451F:DB-WAX UI &
EHE (30 mx0.320 mmx0.25 wm) , A i 60 °C, 2 </
BB Ny, FHRET W a4 R 50 °C, -+ 3
min, 2L 3 °C/min A9 # T+ 2 150 C, ££%F 3 min,
SIS ATHF] 40 min, A% HL R ERE IE B TR I
FEAFIRIE 45 °C,FFFEEHRE 90 °C, HEFHATR 600 pL.,
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Table 1 The effect of roasting degrees on the color of Yunnan coffee beans

H o 4 AR AL R L a b AE

=@ HIE Rk 38.78 + 0.34¢ 4.21£0.19' 4.58 +0.76" 39.28 + 0.40°
kg 40.19 £ 0.24¢ 5.25+0.19¢ 5.70 £ 0.18" 40.93 +0.26°
X 42.20 = 0.69" 7.01 £0.26" 8.62 +0.91° 43.64 £0.72"

= @Kk R 39.20 £ 0.43¢ 4.56 = 0.08° 4.71 £ 0.46* 39.74 + 0.46"
i 40.55 + 0.24° 5.55+0.12° 5.94 +0.77, 41.37+0.11°
eSS 43.44 +0.35* 7.31 £0.12° 9.53 +0.68" 45.07 + 0.46°

TE < [ — SN RCT 5 AR A A 8] B R m A7 7 35 PR 25 5+ (P<0.05) .
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Table 2 The effect of roasting degree on fatty acid composition of Yunnan coffee beans
= # B WE/% = Rk %
Rg M B A -

R o ERES R ok eSS

C12:0 0.012 0.011 0.012 0.018 0.020 0.018
C14:0 0.071 0.070 0.068 0.065 0.072 0.067
C16:0 35.780 35.593 35.743 34.616 34.539 34.587
Cl16:1 0.021 0.022 0.021 0.015 0.018 0.016
C17:0 0.103 0.103 0.105 0.102 0.106 0.104
C18:0 6.564 6.568 6.545 6.805 6.806 6.768
C18:1 9.160 9.465 9.173 9.508 9.475 9.618
C18:2 43.610 43.506 43.604 43.956 43.976 43.866
C18:3n3 1.272 1.294 1.297 1.385 1.430 1.398
C20:0 2.398 2.416 2.403 2.492 2.510 2.494
C20:1 0.298 0.296 0.305 0.323 0.305 0.313
C€22:0 0.497 0.502 0.504 0.508 0.505 0.532
C24:0 0.215 0.153 0.222 0.208 0.238 0.220

®3 BMEEENZENHESERSENHIN
Table 3 The effect of roasting degree on amino acid content of Yunnan coffee beans
LA ‘ =% H 1/(g/100g) , ‘ = 7K 2/ (g/100g) ‘

R Pk ERES R ok eSS

R AR 0.961 1.043 1.073 1.002 1.095 1.170
B R B 2.227 2.255 2.206 2.306 2372 2.419
ES 43 0.113 0.189 0.242 0.107 0.174 0.262
20 R B 0.149 0.156 0.159 0.137 0.155 0.165
H AR 0.538 0.553 0.548 0.564 0.596 0.614
P RBR 0.165 0.225 0.258 0.162 0.221 0.278
A RR 0.016 0.023 0.033 0.018 0.026 0.037
N 0.483 0.483 0.477 0.500 0.509 0.512
Bk 2 BR 0.268 0.271 0.265 0.284 0.287 0.290
R BR 0.004 0.007 0.009 0.005 0.008 0.010
2 2B 0.585 0.587 0.581 0.611 0.625 0.640
AR R BR 0.084 0.083 0.082 0.090 0.090 0.100
KA AR 0.525 0.554 0.543 0.574 0.586 0.572
It 75 AR 0.427 0.434 0.426 0.446 0.458 0.448
55 2B 0.882 0.894 0.880 0.926 0.944 0.952
R B 0.091 0.098 0.104 0.095 0.107 0.111
il 2 BR 0.447 0.423 0.461 0.505 0.462 0.504
b 2 7.965 8.279 8.347 8.332 8.714 9.082

23 AEMIEREE=EMHEEE GC-TOF-MS MS 34,6 A~ FE i b g MRS 2 142 AP & AL
ST Y, Wb 11 38, Hophnkmgs 30
23.1 #HERMEAEYE RS il GC-TOF- B EESE 17 AP EAZE 18 Fh, K SE 15 AP ikaE
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Fig.1 Contents (a) and relative contents (b) of various volatile compounds in Yunnan coffee beans

with different roasting degrees
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Table 5 OAV of key volatile compounds in Yunnan coffee beans with different roasting degrees

B A = B =Kk
e e /fljiizi) B e bl s X R LS R
P B 0.282 W A 27.84 46.63 65.32 33.08 44.08 31.06
2 5-W AR ARmE 6 Bk A FH 6.33 11.85 12.94 7.15 8.76 5.07
7k
3 B 1 A B AR 28.26 56.76 68.82 49.05 53.46 22.79
4 w% v &R 0.021 34.27 72.15 101.14 26.51 48.74 51.75
5 kb ve 27 1.60 2.34 1.91 1.05 1.06 0.71
6 2,5-=FHhusk 0.8 IRk 23.27 33.89 29.28 16.25 16.17 9.61
7 2,6-=FHhukvk 0.1576 "Rk Erwk 118.85 166.40  134.25 86.92 85.03 44.93
8 T Aok 5.55 1.81 2.24 1.33 0.98 1.00 0.43
9 2,3-Z¥Huh 0.1 B A W E 65.58 82.46 53.85 37.69 35.85 14.81
EaNGE
10 2-Z-6-%hntvh 0.04 543.28 643.17 — 314.64 — —
11 2-ZHhA-5-9H&n%h 0.016 673.71 840.55 608.04  370.87 366.66  223.63
12 2,6-=—CHkw%n 0.006 280.34  351.10  237.53 134.45 139.67 97.68
13 3-T#h-2,5-=FHhua 00086 FAEH . LA 237215 283551 191942 1123.86 998.84  687.49
S
14 sk 0.1 W Ak 21.31 29.31 20.50 17.10 18.98 6.96
15 2,3-T =0 0.005 3% 20 84 45 i A 216.17 27429  331.04 — 241.68 —
16 2,3-/x = 0.005 Wi A B — — 211.70  212.51 279.32 —
A VERA
17 3-%KA-2-TH 0.75 2.87 4.24 3.82 2.88 3.10 1.41
18 2-%4-3,4-=¥k-2- 0.017 48.49 — — 40.77 34.62 19.16
KR M —1-ER
19 wtwe 2 4R 0 Lok 30.49 34.14 23.69 18.58 16.63 8.63
20 FAREEAALY 0.32 — 3.70 — — — —
21 1-XRZB 0.5642 BRAH HEH — 2.31 — 1.23 1.00 —
22 LBk 50 0.49 0.94 1.07 0.62 0.65 0.36
23 3-FATER 0.56 — — 358.27 — 222.49 97.37
24 KBHERF B 0.06 AHFwm¥EH A 1098 12.77 7.19 7.30 7.43 7.35
25 e RE 0.013 A E R LA 1304.64 1288.53 68534  717.76 576.87 0.00
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26 EHB 20 T ST S— 1.52 — 1.27 1.04 0.44
27 KB 55 1.54 0.36 0.11 0.24 0.16 0.04
28 4-T A el K 0.025 KA BERAE 91442 — 673.35 — 610.89  276.74
29 4-T Al KB 0.005 WiEAAF ER 553219 653923 453627 3021.02 2977.97 2162.07

&

30 4-TH A E® 0.085 9.14 9.00 5.60 — 3.28 —
31 B-AAES 0015  AK#H . Fok — — — 16.85 — 17.90
32 dl-rA s 0.01 H Aok 5038 7381 — — — —
33 3-%H 0.0004 5 A B A 266.53  440.30 — — — —
34 RTH 0.12 — 242 — 1.05 0.61 0.88
35 1H-%% 0.5 Kk BBk 352 272 1.45 1.54 1.27 0.97
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R2X[1]=0.499 R2X[2]=0.19 Ellipse: Hotelling's T2 (95%)
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Pl 2a R LA SIE B 43 20 500 0 A 280 X 43 #5980 43 A v
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Fig.2 Score (a) and permutation test (b) of PLS-DA of Yunnan coffee beans with different roasting degrees

WAL 2a Jros , H WAl G0 oK vk vt oA H
M RAE G0 I T2 1.3 .4 BR, Bk =2 /A X 43
B, H WA A 55 1 RIS 2 2R
], 5 Hoe 4L X 43 45 B S T 7K S TR 5 0 7K
rhRE G B A, TOTR A X Gy AR E SR S N T
KR, =g B G RK e S 5 5 F 5 —
43 B4 L b R RIA7 R BX43 B AR R AR I Y
ANTR), H O ER M T rpodt TR ML R B AR X
YIRS, KRS L RS MR M E 5 ) 4L 2 1)

FIX 5
i PLS-DA 1942 it f B ALY (VIP) 53 #r
(K 6), A 53 M LAY VIP H KT
1, UL AT 3 B A ) 26 18] 22 53 1) o2k B A ke,
AR X 3 6 Rl 5 A AR 45 R AR S
24 AEMBIEEZFTWHZH GC-IMS & #7
2.4.1 GC-IMS & HERFE 8 B g Fr anial 3 fr
AN, AT DAE A T LU A [ AR % R EE Y H I
FUKBE L RG22 57 . RFRARS



408 HOE R A IR 2024 455 1241
%*6 PLS-DAZIHHEZELELEYH VIP &
Table 6 VIP value of characteristic volatile compounds in PLS-DA analysis
5 BRMEAS VIP 14 Jr 5 R AL VIP 14
1 2(3H)-"k v &R 1.8135 28 2-F ARk 1.2247
2 s - Wy 7 -3 1.6903 29 2-RA A -5-F KK 1.2172
3 I-(=F Ak K )-2-R 8 1.6684 30 vk vi§) BR 1.2056
4 4-T k-2 ALK iy 1.4794 31 2—Ew F BF 1.1803
5 2-(2—k v A AR )-5-F Kok vd 1.4513 32 1- (5= J vk vib A5 ) vk mk 1.1788
6 4-F AR KR T By 1.4148 33 O By 1.1697
7 1-3R B M =3, 4— = 1.4092 34 3-(3—wkmr AR )-2- W A R 1.1586
8 2-F T vk R 1.3637 35 (17— M IR ) o 1.1532
9 2-F A A -1,4-K Z & 1.3487 36 2-F K vk vk 1.1410
10 B-A#ME 1.3385 37 2,3-Z&A-3,5-=#%k-6-FHh- 11404
4H-vk v —4— R
11 2,6-=F Kb 1.3370 38 2-F K3 4-=F A2 R M- 1.1391
1-#R
12 5-F A -1H-wbo& -2 B 1.3301 39 1-K Tz 1.1354
13 2,3-T =@ 1.3169 40 A AR 1.1297
14 2—rE vy VB 1.3093 41 1-Z & -2-F Bt Ak wb vk 1.1282
15 2-F AR 3R TR 1.2963 42 KT K 1.1154
16 3-F A TR 1.2955 43 S 1.0997
17 2,3-% =8 1.2940 44 2wk & I B 1.0992
18 N-3F Tl R & F B8R T B 1.2897 45 4-TH-2,6-=F LRk 1.0978
19 2- VB FBE R R 1.2893 46 i B 1.0669
20 4-T vk -2- LR LBy 1.2842 47 2,3,4-= F -2 R -1 -8R 1.0189
21 3-F R-2-T M8k 1.2835 48 1,4-=F Lk 3x T Hi 1.0127
22 2-FA-3-T @ 1.2815 49 5,6,7,8-w Ak Rk 1.0120
23 2,3-= WA 230 B -1 1.2767 50 3,4-=F K-1H-wkv% 1.0119
24 2-T Kk 1.2757 51 2-(2-vk v &) -3-F Ak vk 1.0089
25 2-F R -3-T W-1,2-=8% 1.2684 52 4—(4-F 2R X8 )-2(5H) -k " A 1.0065
26 (3,5-= WA -1-"m-2"- 43 )-1H-wkb:  1.2463 53 2,3-T =8 1.0058
27 5-F Wk Hh s 1.2344
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Effect of Roasting Degree on Physicochemical Properties and Flavor Substances of Yunnan Sun-
dried and Washed Coffee Beans

Shi Xueying'?, Li Na’, Li Yue'?, Wan Dingyang', Lin Xiaoshan', Zhu Song"*
(‘State Key Laboratory of Food Science and Resources, Jiangnan University, Wuxi 214122, Jiangsu
*School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu
'Shunda Food Flavor & Ingredients Co., Lid., Chaozhou 515633, Guangdong
“Kunshan Yizheng Food Co., Ltd., Suzhou 215300, Jiangsu)

Abstract To investigate the effect of roasting degrees on physicochemical properties and flavor substances of Yunnan
sun—dried and washed coffee beans, chromatic aberration, crude fat content, fatty acid content, and amino acid content
of sun—dried and washed beans with different roasting degrees were measured. Their volatile compounds were analyzed
using gas chromatography—time of flight—-mass spectrometry (GC-TOF-MS) and gas chromatography—ion migration spec-
troscopy  (GC-IMS). The GC-TOF-MS results showed that a total of 142 volatile compounds were identified in the 6
samples, and a total of 35 compounds with OAV=1 were selected through odor activity value (OAV) analysis, which
made an important contribution to the overall aroma of Yunnan coffee beans; partial least—squares discriminant analysis
(PLS-DA) can better distinguish between sun—dried beans and washed beans; 53 volatile compounds with VIP values>1
were identified through variable importance in projection (VIP) analysis of PLS-DA. By GC-IMS analysis, 105 volatile
compounds were identified qualitatively. The fingerprint showed that 2-methyl—1—propanol, 3-pentanol, 2,3-butanediol
and (E)-B-caryophyllene are the characteristic volatile compounds of sun—dried beans, 2—hexanone, octanoic acid ethyl
ester, l-terpinen—4-ol, 1-—phenylethanone, 4-methyl-2—pentanone and B-myrcene are characteristic volatile compounds
of washed beans; principal component analysis (PCA) can accurately distinguish Yunnan sun-dried beans and washed
beans with different roasting degrees. This study utilized GC-TOF-MS and GC-IMS techniques combined with PLS-DA
and PCA methods to characterize the flavor compounds of Yunnan sun-—dried beans and washed beans with different
roasting degrees, and screened out characteristic volatile compounds, providing theoretical reference for elucidating the
aroma characteristics of two post—harvest processing methods of coffee beans.

Keywords coffee bean; GC-TOF-MS; GC-IMS; OAV; fingerprint



